Introduction 37
Osmolality describes the number of solute molecules per solution weight. In biological systems, the 38 semipermeable membranes separate intracellular and extracellular fluid with distinct compositions. 39
Hyperosmotic stress can have detrimental effects on cell homeostasis, causing water efflux and cell 40 shrinkage, oxidative stress, DNA damage, cell cycle delay and cell deaths (Burg, Ferraris et al. 2007, 41 Kuper, Beck et al. 2007 , Brocker, Thompson et al. 2012 . Mammalian cells have developed various 42 osmoadaptive responses to compensate for the adverse effects due to solute concentration asymmetry. 43
For example, under hyperosmotic conditions the transcription factor nuclear factor of activated T cells-44 5 (NFAT5) is activated to induce the expression of genes responsible for the synthesis or transport of 45 uncharged small organic osmolytes such as sorbitol, betaine, and myo-inositol. These organic 46 osmolytes can be accumulated to a high level to equalize intracellular and extracellular osmolality 47 6 The molecular mechanisms underlying NFAT5 activation is not well understood, however it has been 108 shown that p38, a subgroup of mitogen-activated protein kinases (MAPKs), is required for osmolality-109 dependent activation of NFAT5 (Ko, Lam et al. 2002 , Zhou 2015 , Zhou 2016 . Therefore, we examined 110 if p38 contributes to osmolality-meidated CAMP expression. We used two selective p38 kinase 111 inhibitors, SB202190 and SB203580 (Wilson, McCaffrey et al. 1997 , Young, McLaughlin et al. 1997 to block p38 kinase activity. SB202190 and SB203580 pretreatment strongly reduced basal and 113 hyperosmolality-induced CAMP expression both at the mRNA level ( Figure 2D , E) and at the protein 114 level ( Figure 2F , G), indicating that p38 kinase activity is also important for the signaling of osmolality-115 mediated CAMP expression. 116
Toll-like receptor (TLR) activation inhibits osmolality-mediated CAMP expression in human 117 macrophages 118
High salt has been reported to potentiate the expression of various cytokines and pro-inflammatory 119 genes when macrophages are activated by TLR ligands such as LPS (Jantsch, Schatz et al. 2015 , Zhang, 120 Zheng et al. 2015 , Tubbs, Liu et al. 2017 . We next asked if TLR stimulation affects osmolality-121 mediated CAMP response in human macrophages. We treated macrophages with two TLR ligands: 122 Pam3CSK4 (a TLR1/2 ligand) and LPS (a TLR4 ligand), and cultured the cells under isosmotic or 123 hyperosmotic conditions. Interestingly, both Pam3CSK4 and LPS treatment strongly reduced basal and 124 hyperosmolality-induced CAMP expression ( Figure 3A -C). Pam3CSK4 and LPS did not downregulate 125 NFAT5 gene expression in macrophages ( Figure 3D ), suggesting that the suppressive effect of TLR 126 agonists may be modulated via post-transcriptional regulation of NFAT5 (e.g., inhibition of NFAT5 127 protein activation), or via a NFAT5-independent mechanism. An earlier report (Dhawan, Wei et al. 128 2015) and our recent study (Li, Østerhus et al. 2018) The association between osmolality and macrophage functions is only beginning to be appreciated 143 (Binger, Gebhardt et al. 2015 , Ip and Medzhitov 2015 , Jantsch, Schatz et al. 2015 , Zhang, Zheng et al. 144 2015 , Tubbs, Liu et al. 2017 , Zhang, Du et al. 2018 ). These studies suggest that hyperosmotic stress 145 (or high NaCl specifically) tends to polarize macrophages towards a more pro-inflammatory 146 phenotype. Our report however indicates that osmolality is more than a factor potentiating 147 inflammation. We provide clear evidence that human macrophages can effectively monitor osmolality 148 changes in the environment to elicit (or repress) an important antimicrobial response, in the absence of 149 other inflammatory stimuli. 150
The following observations make this newly identified regulatory mechanism of CAMP particularly 151 intriguing. First, osmolality can both positively and negatively affect CAMP expression: 152 hyperosmolality upregulates CAMP expression whilst hypoosmolality downregulates CAMP 153 expression, suggesting that this is a homeostatic regulatory mechanism adapting macrophage CAMP 154 expression levels to osmolality changes in the environment. Secondly, CAMP expression is very8 sensitive to changes in osmolality: a modest increase by 50 or 100mOsm induces higher expression of 156 CAMP comparing to active vitamin D treatment. Thirdly, hyperosmolality induces CAMP expression 157 via a shared mechanism regardless of the types of osmolytes, as both the ionic and non-ionic osmolytes 158 (NaCl and sucrose) potently induce CAMP expression via the same NFAT5-and p38-dependent 159 signaling pathway. Finally, hyperosmolality alone is sufficient to drive CAMP expression without the 160 need of additional stimulation (e.g., LPS treatment). In fact CAMP expression is strongly reduced when 161 macrophages are primed by Pam3CSK4 or LPS, emphasizing that this osmolality-mediated CAMP 162 response is a kind of homeostatic regulation (and possibly a preventive defense mechanism), rather 163 than an acute response to infections. This observation supports what we have proposed earlier (Li, 164 Østerhus et al. 2018) , that human macrophages express CAMP under homeostatic conditions, but shift 165 away from CAMP production to prioritize production of other effector molecules such as cytokines 166 and chemokines when encountering a serious pathogenic threat. 167
The physiological implications of this osmolality-dependent regulation of CAMP remain to be 168 elucidated. It will also be interesting to investigate if this regulatory mechanism of AMPs is present in 169 species other than humans. Given the prominent antimicrobial property of CAMP, it is tempting to 170 speculate that this regulatory mechanism may be particularly relevant for local defense in tissues with 171 significant fluctuations in osmolality, such as the gut and the urinary system. Our study will likely 172 provide useful insights into the maintenance and breakdown of immune homeostasis in these tissues. 173
In addition, this newly identified osmolality-dependent regulation offers a potentially simple and 174 practical approach to manipulate CAMP levels in vivo, either for investigative purpose to reveal CAMP 175 functions that are truly physiologically relevant, or for potential therapeutic purposes to boost natural GAPDH: forward 5´-GAAGGTGAAGGTCGGAGTC-3´, reverse 5´-211 GAAGATGGTGATGGGATTTC-3´; CEBPA: forward 5´-GGAGCTGAGATCCCGACA-3´, reverse 212
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Western Blot 214
Cells were washed once in PBS and lysed in lysis buffer (50mM Tris-HCl, 150mM NaCl, 10% 215 Glycerol, 0,5% Triton X-100 and 2mM EDTA) containing phosphatase and protease inhibitors (100 216 mM Sodium Fluoride, 1 mM Sodium Orthovanadate, 40 mM β-Glycerophosphate, 10 µg/mL 217 Leupeptin, 1 µM Pepstatin A and 1 mM Phenylmethylsulfonyl fluoride). Protein extracts were
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